An increased risk of adverse reproductive outcomes other than birth defects has been observed among women who work in agriculture, but no clear link has been made with specific exposures (1) . Results from large data sets have been reported: 6,428 singleton births in Norway in [1970] [1971] [1972] [1973] to mothers reported to be working in agriculture, forestry, and fishing in the 1970 population census (2); a probability sample (n = 9,941) of US births from the 1980 National Natality and Fetal Mortality Surveys (3); and liveborn infants born in Scotland in 1980-1984, for whom 4,136 infants had a father who worked in agriculture (4) . The relative risk estimates deviated little from unity for low birth weight (2-4), small-for-gestational-age birth (3, 4) , perinatal death (2) , and stillbirth (3).
Exposure to pesticides is the only factor in agriculture which has been studied comprehensively. US National Natality and Fetal Mortality Surveys data (5) suggest that parental exposure is a moderate risk factor for stillbirth and intrauterine growth retardation; in other studies (6, 7) , parental exposure has been associated with stillbirth.
Biologic factors in agriculture can cause adverse reproductive effects. There are some case reports of adverse pregnancy effects due to zoonotic infection (8, 9) , but to our knowledge there have been no epidemiologic studies that have addressed the risks encountered in farming. Toxoplasma gondii infection during pregnancy is a common cause of abortion and stillbirth among sheep in Norway (10) , and an increased prevalence of Toxoplasma antibodies has been found among livestock farmers (11) . Adverse reproductive outcomes in livestock, including abortion and stillbirth, are caused by mycotoxins in moldy grain feed (12, 13) . Growth of field fungi and mycotoxins is common in Norwegian grain production (14) . Moldy grain and mycotoxin production is a particular problem when the harvest period is wet and cold, as well as during storage following insufficient drying of grain after the harvest (15) . No adverse reproductive effects due to mycotoxin exposure in grain farmers have been reported.
We established a national cohort of families in Norwegian agriculture in order to investigate cancer and reproductive outcomes in the offspring. This report gives the main results with regard to duration of gestation, birth weight, and perinatal death among nearly 200,000 fanners' births that took place in 1967-1991. The socioeconomic status of families in modern Norwegian farming is relatively high (16) , and the female farmers smoke less than the general population (17) . Therefore, we anticipated that the farmers' offspring would have favorable perinatal outcomes, especially with regard to birth weight. We also hypothesized that a number of potential exposures, particularly certain types of farming, could be associated with perinatal death: pesticides, which are used most extensively in horticulture; Toxoplasma infection associated with sheep and pig farming; and mycotoxins associated with grain farming.
MATERIALS AND METHODS Record linkage
Statistics Norway conducted three agricultural censuses and two horticultural censuses during the years , which resulted in a great deal of information being stored in computerized data files. The criteria for participation in the surveys changed slightly over time (18) . Participation is considered to have been complete, because governmental subsidies to farm holders are conditional on the provision of this information.
In any of the censuses, farm holders who were born after 1924 were identified by means of their national identification number, which is assigned to all residents of Norway. In linkage of the files of the 149,254 farm owners with the Central Population Register, 104,370 spouses were identified. The resulting file of fanners and their spouses (139,675 males and 113,949 females) was linked to the Medical Birth Registry of Norway, and 192,417 births to these couples, termed "fanners' births," were identified as having taken place during the years 1967-1991.
External reference population
All births that occurred in 1967-1991 to mothers living in agricultural municipalities were identified at the Medical Birth Registry. Municipalities in which agriculture was identified as the main industry by Statistics Norway in 1970 (19) were classified as agricultural. We subtracted fanners' births from all births that occurred in these municipalities, and the remaining 61,351 births, termed "nonfarmers' births," constituted an external reference population.
Information in the Medical Birth Registry
The Medical Birth Registry of Norway comprises all deliveries with 2:16 completed weeks of gestation that have taken place since 1967 (20) ; all of these deliveries are referred to as births in this paper, krespective of gestational age. Each birth record identifies both parents and contains information on maternal health, pregnancy, and delivery.
The primary outcomes under study were gestational age, perinatal death, and birth weight. Gestational age was defined as the amount of time between the first day of the mother's last menstrual period and the date of birth. Preterm birth was defined as a birth that occurred between 16 and 36 completed weeks of gestation. We also examined very preterm births (before 32 completed weeks) and births that occurred before 28 completed weeks, which is the limit for the official definition of stillbirth in Norway.
Perinatal death comprised three different categories: late-term abortion (both induced and noninduced), stillbirth, and early neonatal death. Late-term abortion was defined as the birth of an infant that showed no sign of life between 16 and 27 completed weeks of gestation, or a birth weight under 1,000 g when information on gestational age was missing. Stillbirth was defined as the birth of an infant that showed no sign of life after 27 completed weeks, or a birth weight of 2:1,000 g if gestational age information was missing. Early neonatal death was defined as a liveborn infant that died during the first week of life.
Birth weight was categorized into low birth weight (<2,50O g), very low birth weight (< 1,500 g), and birth weight less than 1,000 g. For singleton births with gestational ages of &28 completed weeks, we also examined birth weight conditional on gestational age as small-for-gestational-age birth (<10th percentile). The sex-specific 10th percentile for each gestation week among nonfarmers' births was used as the cutoff birth weight.
Other birth registry variables which were used in the analyses are listed in table 1. Whereas the number of farmers' births declined markedly during the study period, the annual number of nonfarmers' births remained stable. The farmers' offspring had older mothers and were of a higher birth order, and parental consanguinity was more common.
Information on exposure
Information on farming activities that had been provided in the agricultural and horticultural censuses was Perinatal Health in Farmers' Offspring 331 The census information was the basis for establishing the exposure indicators. Information given at the census closest to the time of birth was used in the analyses; however, information indicative of pesticide exposure was provided at only one census, and this information was used whenever available. The amount of time between the year of birth and the closest census was <3 years for 53 percent of the births and <5 years for 80 percent of the births.
The main types of farming in Norway are animal husbandry, grain farming, and horticulture (table 2) . The exposure indicators relevant to the study hypoth- eses were as follows: farming area and area used for cultivation of different types of grain (information on storage bins and drying capacity was also available for grain farms); number and species of livestock; and amount of money spent on pesticides in 1968 (1969 census) and on pesticide spraying equipment (1979 census). The exposure indicators were dichotomized (present/absent) in the analyses on the assumption that exposure was as likely to occur in small-scale activities, where more work practices are manual, as in large-scale activities.
The annual reports of the Norwegian Grain Corporation for each harvest year from 1966 to 1991 included information on climate and grain crop quality in southeast and central Norway, where nearly 95 percent of the country's grain is produced (Norwegian Grain Corporation, Oslo, Norway, 1966-1991). The corporation characterized each season in the two regions on the basis of the annual reports, as an indicator of the probability of field fungal infection and mycotoxin contamination on individual grain farms. The indicator was categorized into three levels representing high, medium, and poor harvest quality.
Analysis
The analyses were performed using the birth or the pregnancy as the observational unit. All outcome variables were treated as dichotomous, and the risk of a given outcome was calculated as a proportion (no. of cases/no, of births or pregnancies at risk). As an approximation of relative risk, prevalence odds ratio estimates and approximate 95 percent confidence intervals were computed in contingency tables. Contingency tables were stratified according to each of several potentially confounding variables, indicated in tables 1 and 2. We also fitted logistic regression models which controlled for variables that changed the point estimates by more than 10 percent. Subset analyses were performed in strata of paternal and maternal work input on the farm, under the assumption that the probability of exposure would be higher and associations stronger if the mother or father had a high annual work input on the farm.
The reproductive outcomes under study may be due to parental exposures during specific, sensitive periods at the time of conception or pregnancy (21) . Because the farming activities under study are seasonal, we hypothesized that the probability of risky exposures would vary by season. We thus analyzed the data in seasonal strata, assuming that the effects of exposure were stronger in relevant time windows (22) . In the examination of seasonal effects, we stratified the analyses according to quarter of conception; stratification by quarter of birth would have biased the results for outcomes related to preterm delivery, owing to the seasonal distribution of conceptions (23) .
RESULTS

Farmers' births versus nonfarmers' births
In a comparison of the 192,417 births to farmers and the 61,351 births to nonfarmers, most measures of birth weight and gestational age favored the births to farmers (table 3). Births to farmers had an odds ratio slightly below unity for preterm delivery, which was due almost entirely to fewer births between weeks 32 and 36, whereas a moderate but stable excess of births had a gestation period of <28 completed weeks. This was mainly due to a higher proportion of farmers' births between 21 and 25 weeks of gestation; this increase comprised both liveborn and stillborn infants.
An advantageous pattern for the main distribution of farmers' births but an excess of the residual with extremely low values was even more evident for birth weight. The low odds ratio for low birth weight was due entirely to birth weights s 1,000 g; a 42 percent increase was found in offspring < 1,000 g, and fewer small-for-gestational-age births were found among the farmers (table 3) .
Perinatal mortality among births to farmers was 15 percent higher than among births to nonfarmers (table  3) , but year of birth was an important confounder, and the adjusted odds ratio estimate was close to unity. Distinct differences in the odds ratios for farming were found by subcategory of perinatal death. The odds ratio was nearly doubled for late-term abortion, slightly below unity for stillbirth, and close to unity for early neonatal death. The late abortion difference was stronger for noninduced deliveries.
Effects of exposure
The adjusted odds ratios for perinatal death were close to unity for all exposure indicators (table 4) . Furthermore, we found moderate associations between late-term abortion and early neonatal death and both grain farming and pig farming. Pig farming and grain cultivation are often combined in parts of Norway; when this was considered in the analysis, late abortion was primarily associated with grain farming and early neonatal death with pig farming.
Early neonatal deaths were unevenly distributed by quarter of conception among pig fanners' births. The proportion was highest for conception during AprilJune (83 exposed cases; 9.3 per 1,000 pregnancies; adjusted odds ratio (OR) = 1.52, 95 percent confidence interval (CI) 1.17-1.98). The association increased by year of birth and was strongest in 1987-1991 (data not shown). We also found an uneven distribution of late abortions by month of conception among sheep farmers. There was no positive association between the two parameters, but among infants conceived during January-March, 52 exposed cases were identified (4.2 per 1,000 pregnancies; adjusted OR = 1.34, 95 percent Cl 0.95-1.89).
Pesticide purchase and pesticide spraying equipment were associated neither with perinatal death (table 4) nor with any of the subcategories of perinatal death, and there were no marked deviances by type of farming or quarter of conception.
A closer examination of the association between late-term abortion and grain farming (table 4) revealed that grain farmers' offspring were delivered more often during gestation weeks 21-24, termed "midpregnancy delivery." In further analyses, we excluded midpregnancy deliveries for which incorrect information on gestational age was likely (birth weights > 1,500 g). Because the association was stronger for multiple births, we used the pregnancy rather than the birth as the unit of observation to avoid inflating the odds ratio estimates. The grain farmers had 132 midpregnancy deliveries (2.8 per 1,000 pregnancies), and the nongrain farmers had 236 midpregnancy deliveries (1.8 per 1,000). For singleton pregnancies, the risk was increased by 54 percent, whereas grain farming increased the risk nearly fourfold in multiple-birth pregnancies (table 5) . Examination of strata of maternal age, birth order, and year revealed no secular trend (data not shown). The effect of grain farming was strongest for birth order-maternal age strata with a high proportion of midpregnancy deliveries in the reference population. For primiparous women aged We restricted further analysis of midpregnancy deliveries to southeastern and central Norway, the main grain-producing districts, and examined the effect of grain farming by strata corresponding to harvest quality, the presence of a grain storage bin on the farm, and the month of delivery. We defined a grain season as lasting from the usual harvest month of September until the following August. Births were linked to the harvest quality of the corresponding season and the location of the farm; i.e., births that occurred in September-December were linked to the regionspecific quality of the harvest for that same year, whereas births that took place in January-August were categorized according to the quality of the preceding year's harvest. To avoid inflated proportions of deliveries in the autumn and deflated proportions in January-August, we used all pregnancies conceived in the same months as the midpregnancy deliveries in the denominator (e.g., the proportion and odds ratio for midpregnancy deliveries that occurred in SeptemberDecember were based on all pregnancies conceived during April-July).
Nongrain farmers had 1.9 midpregnancy deliveries per 1,000 pregnancies, and grain farmers had 2.9 midpregnancy deliveries per 1,000 pregnancies (table 6). t Midpregnancy deliveries with a birth weight >1,500 g and pregnancies not at risk (i.e., gestational age <21 weeks or unknown) were excluded.
$ Adjusted for year of birth, maternal age, type of municipality (agricultural or nonagricultural), plurality (singleton birth vs. multiple birth), and parental marital status.
§ OR, odds ratio; Cl, confidence interval. H Reference category, unless otherwise indicated. # Reference category: pregnancies in nongrain farming category with conception month in April-July (30 cases; 15,341 pregnancies; 1.96 per 1,000 pregnancies). ** Reference category: pregnancies in nongrain fanning category with conception month in January-March or August-December (54 cases; 27,756 pregnancies; 1.95 per 1,000 pregnancies).
Whereas the odds ratio was only moderately increased for the high and medium harvest quality strata, it was 2.42 for the poor harvest quality stratum. Midpregnancy deliveries among grain fanners were also more common during the months September-December. Grain farmers with and without grain storage facilities had almost similar risks (data not shown). Simultaneous stratification according to birth month and harvest quality yielded the strongest increased risk in the high quality stratum for deliveries that occurred in the autumn, but some strata included few cases. Deliveries that took place in January-August followed a doseresponse pattern, with the highest occurrence in the poor harvest stratum {p for trend = 0.0024).
The associations between the exposure indicators and the outcomes were investigated in strata of maternal and paternal annual work input on the farm. In general, none of the reported associations were markedly different when analyses were restricted to births to mothers and fathers who worked for 500 hours or more annually on the farm (data not shown).
DISCUSSION Total population
Agriculture in Norway is based on small and medium-sized family farms. Only 10 percent of the total agricultural workforce in the 1970 population census were employees (19) . The employees were the only farm workers who did not participate in the agricultural censuses. The national agricultural and horticultural censuses therefore offered us an opportunity to identify most of the people who were engaged in agricultural work in Norway.
The results indicate that farmers' offspring have advantageous prenatal growth and development in comparison with nonfarmers' offspring. Compared with the offspring of nonfarmers, fanners' offspring had lower proportions of low birth weight, small-forgestational-age births, and preterm births. This can be explained by farmers' favorable socioeconomic status (16) and smoking habits (17) . The opportunity for exploring those factors was limited, however, because only crude socioeconomic indicators were available in the agricultural censuses, and there was no individual information on smoking.
The perinatal growth and survival of infants born to farmers have been explored in a number of previous studies (2) (3) (4) (24) (25) (26) . In those studies, the rates of occurrence of low birth weight, preterm birth, intrauterine growth retardation, and perinatal death were similar to those seen in our study, with a few exceptions.
Late-term abortion
We found an excess of late-term abortion. Few studies have reported data on fetal deaths which occurred between 16 and 28 weeks of gestation. A 40 percent increase in fetal death (all gestational ages) was found among 487 farm workers in Washington State (27) , and among 3,786 women who worked in agriculture in the same state, the prevalence ratio for late fetal loss was 2.4 (95 percent CI 1.5-3.8) (28) . Contrary to our results, McDonald et al. found a risk of abortion (up to the 28th week of gestation) close to unity (29) and an increased risk of stillbirth (30) among women who worked in agriculture and horticulture, but this was based on few index births.
We considered the possibility of an artifact. Lateterm abortion is probably not reported completely in the birth registry, and data could be differentially distributed over places of birth. Agricultural municipalities, which were the place of residence for the entire reference population but for only 24 percent of the farmers, are comparatively remote and less densely populated; incomplete reporting is therefore possible. Some indications make this an unlikely explanation for the results, however. When we restricted the analysis to births that took place in agricultural municipalities, we found an adjusted odds ratio estimate for fanners' births that was clearly increased (OR = 1.63, 95 percent CI 1.27-2.09); in addition, the farmers had an excess not only of abortions but also of live infants born at weeks 21-24.
Grain farming
The increased risk of late-term abortion was seen particularly during gestation weeks 21-24 and was due partly to the distinct excess of births at this stage among grain farmers. The result is compatible with the mycotoxin hypothesis, because the excess was strongest after the harvest and for seasons with the highest assumed probability of mycotoxin formation. To our knowledge, a similar result has not been reported previously.
Several mycotoxins are reproductive toxicants (12) . Those that have received particular attention are the ergot alkaloids (from Claviceps purpurea) and zearalenone (Fusarium species). The latter is the more plausible candidate in Norway. Fusarium is widespread in grain in Norway, and it produces mycotoxins under cold conditions (14) . The wet and cold climate of Norway requires that grain be stored and dried indoors; usually forced ambient air is used for drying grain in storage bins on the farm, where the grain is kept from harvest in AugustOctober until December-January. Fusarium growth and the production of mycotoxins in storage silos under realistic conditions are well documented (15) . Concern about the effect of mycotoxins on health has focused on food and feed, but mycotoxins are also found in the air (31) , and zearalenone has additionally been found in air (32) and grain dust (33) . Harvesting grain and working in storage bins can be very dusty, and toxic effects (34) have been reported. The strong association seen for multiple pregnancies suggests a labor-inducing factor associated with grain farming; some mycotoxins have such an effect (13, 35) .
Although our results support the mycotoxin hypothesis, they are not a straightforward confirmation. To our knowledge, there are no reports which characterize exposure to mycotoxins during grain handling; the proportion of midpregnancy deliveries during autumn was high in this study but was not related to harvest quality; the overall proportion of midpregnancy deliveries was not higher for grain farmers with storage bins; and the associations were not distinctively stronger for mothers who had a high work input on the farm. Furthermore, the reason why the effect was restricted to the fifth month of pregnancy is obscure. Finally, the possibility that the effect was due to unmeasured occupational or nonoccupational confounders cannot be excluded.
Other exposures
These results do not support the hypothesis that transplacental Toxoplasma infection represents a risk factor for perinatal death. A small overall excess of early neonatal deaths among births to pig farmers was found, but this was strongest in recent years when the riskful practice of pig slaughtering on the farm had become less common. The moderate association between sheep farming and late-term abortion during the months of JanuaryMarch supports our hypothesis, since this is the period during which ewes deliver infected fetuses; however, the absence of an overall effect on late abortion renders this explanation less plausible.
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Our data are not in accordance with associations reported previously between parental exposure to pesticides and intrauterine growth retardation (5, 36) , preterm birth (37, 38) , and stillbirth (5-7); however, some studies have not found that exposure to pesticides is associated with stillbirth (38-41).
Study validity
The national identification number assigned to all residents of Norway ensures identification and linkage between registries. Registration of births in the Medical Birth Registry of Norway is considered to be complete (42) , but information on late abortion is probably an exception. One explanation for the increasing secular trend in abortions during gestational weeks 16-19 could be underreporting that has declined; abortions during weeks 20-27 have been declining (as have stillbirths), indicating more complete reporting and a true trend.
One problem with the choice of an external reference population is that farmers have more advantageous lifestyle habits than most other population groups. In addition, rural Norway is sparsely populated, and accessibility to health services varies. In both respects, we assumed that the nonfarming population in agricultural municipalities would be a more appropriate comparison group man the general population.
Our main problem was that we had only crude proxy measures for true exposures. Equally problematic is the cross-sectional nature of this information. We had to assume that a person's activity on the farm during the census year reflected activity before conception or during pregnancy. This assumption introduces misclassification and particularly affects information that is not available in all censuses, such as that on pesticide use. Farming in Norway is based on small family-owned holdings which are run by couples (43) . Because information on exposure indicators was available only at the farm level, we did not know whether it related to the mother or the father. This is also a limitation of the study which increases exposure misclassification and renders difficult inferences concerning paternal or maternal mechanisms of action. However, these limitations of the quality of the exposure information should not be considered differentially related to the outcomes under study, and the result of such nondifferential misclassification for dichotomous categories will have been a bias toward unity. We should therefore regard the results for the unconfirmed hypotheses as nonpositive rather than negative.
The choice of birth as the unit of observation rather than pregnancy violated the assumption of independence of observations in the analyses. However, it is unlikely that this would have had a marked impact on the results (44) , and analyses restricted to singleton births yielded results nearly identical to those reported (data not shown).
Both birth and pregnancy as units of observation may distort the true relation between an environmental exposure and an adverse outcome, because of the selective forces that act on higher-order births, and it has been suggested that environmental studies should be performed using the mother as the unit of observation (45) . To control for this, and to explore further the suggested maternal heterogeneity in the association between the grain farming factor and midpregnancy delivery, we have also analyzed the data using the mother as the observational unit (46) .
A related problem is the difficulty of considering covariates in reproductive epidemiology. For various reasons, modeling involving adjustment for maternal age or parity (47) , previous adverse birth outcomes (48, 49) , or birth weight (50) may bias the exposureoutcome association. With respect to the birth registry covariates, year of birth, residence, parental marital status, and parental consanguinity were included in the modeling, and the data were examined in models stratified according to maternal age and birth order. When we adjusted for maternal age, adjustment for birth order changed the associations only marginally. Because inclusion of previous stillbirths did not change any estimate substantially, this variable was disregarded in the final models.
This study included a large national population of farmers. The only hypothesis supported in these data is that factors associated with grain farming, possibly mycotoxins, induce birth at an early stage of gestation. We are aware of no other human studies that have provided similar evidence, and we believe that future studies with better characterization of exposures are warranted.
